The prognostic significance of a preoperative echocardiographic left ventricular endsystolic dimension (ESD) greater than 55 mm and/or fractional shortening (FS) of 25% or less was evaluated retrospectively in 84 patients who had undergone aortic valve replacement for isolated chronic aortic regurgitation due to various causes. Postoperative survival, improvement in symptoms, and echocardiographic evidence of regression of left ventricular dilatation and hypertrophy were compared between patients with a preoperative ESD greater than 55 mm (category 1) and those with an ESD of 55 mm or less (category 2) and between patients with FS of 25% or less (category 3) and those with FS greater than 25% (category 4). Patients in categories 1 and 3 had a higher preoperative left ventricular end-diastolic dimension (EDD) and cross-sectional area than those in categories 2 and 4, respectively, but their preoperative functional impairment (NYHA class) was similar. There were 13 deaths, only two of which (one early, one late) could be attributed to left ventricular dysfunction. In both, FS was 25% or less and in one ESD was greater than 55 mm. There was a weak association without useful positive predictive value between the echocardiographic variables and postoperative death due to all causes. Among 42 patients with a preoperative ESD greater than 55 mm and/or FS of 25% or less, 33 (79%) were alive at a mean follow-up of 29.5 months. Symptoms improved in all categories of survivors, with the postoperative NYHA class being similar between categories 1 and 2 and between categories 3 and 4. Among 48 survivors with high-quality echocardiograms both before and after surgery, EDD fell in all groups but fell to a lesser extent in category 3 than in category 4. Postoperative cross-sectional area fell to the same level in all categories. Follow-up intervals were similar in all categories. We conclude that in patients undergoing aortic valve replacement for chronic aortic regurgitation, a preoperative ESD greater than 55 mm or an FS of 25% or less does not reliably predict early or late death, does not correlate with lack of improvement in symptoms, and does not preclude postoperative regression of left ventricular dilatation and hypertrophy. Thus these echocardiographic criteria alone cannot be used for the timing of surgical intervention in these patients.
BECAUSE the morbidity and mortality of aortic valve replacement in patients with chronic aortic regurgitation are not negligible and the risk of postoperative problems is substantial, operation is usually deferred until justified by the development of significantly incapacitating symptoms.' On the other hand, since post-operative results are influenced by the degree of preoperative left ventricular dysfunction,2`the challenge lies in timing surgery just before irreversible left ventricular damage occurs.
Criteria for optimal timing of surgical intervention in chronic aortic regurgitation are controversial. In 1980 Henry et al. 5 reported that preoperative echocardiographic data can be used to predict the likelihood of a good or poor postoperative result. A left ventricular end-systolic dimension (ESD) greater than 55 mm and fractional shortening (FS) of 25% or less before operation identified a group at high risk for early and late death due to heart failure after operation. More recent studies, however, have questioned the validity of these findings.&S Values represent group means ± 1 SD. A = entire cohort of 84 patients; B = 71 survivors: C = 48 patients with both preoperative and postoperative echocardiograms.
We therefore undertook an investigation to reassess the prognostic significance of these preoperative echocardiographic criteria in patients with chronic aortic regurgitation. Postoperative survival, improvement in symptoms, and echocardiographic evidence of regression of left ventricular dilatation and hypertrophy were compared retrospectively in patients with and without preoperative ESD greater than 55 mm or FS of 25% or less.
Materials and methods
Patients. Patients meeting the following criteria were selected: (1) chronic aortic regurgitation of significant degree (confirmed by cardiac catheterization), (2) absence of associated aortic stenosis (peak aortic gradient less than 20 mm Hg) and of more than minimal mitral insufficiency. (3) absence of significant coronary artery disease (less than 30% stenosis in any vessel as determined by coronary angiography), and (4) highquality preoperative echocardiograms.
There were 84 patients (65 men. 19 women), ranging in age from 18 to 71 years (mean 46.3 + 11.2). The etiology of aortic regurgitation in these patients was rheumatic disease in 18. endocarditis in 26, ankylosing spondylitis in three, lues in six. and unknown in 31. The patients were operated on between February 1975 and January 1983; 48 patients received bioprostheses (37 Hancock. three Xenomedica, six Carpentier-Edwards, and two Vascor-pericard) and 36 received mechanical devices (19 Bjork-Shiley, 10 Lillehei-Kaster, and seven St.
Jude Medical). Myocardial preservation was by cold potassium cardioplegia. No patient had electrocardiographic evidence of perioperative myocardial infarction.
Echocardiography. Echocardiographic studies were performed with the patient in a supine or slight left lateral decubitus position with standard techniques. The left ventricular measurements were made according to the recommendations of the American Society of Echocardiography by means of the leading-edge method.9 The left ventricular end-diastolic dimension (EDD) was defined as the distance between the left-sided endocardial surface of the interventricular septum and that of the posterior wall at the beginning of the QRS complex on the electrocardiogram. The left ventricular ESD was measured as the smallest left ventricular diameter. All measurements were averaged from five consecutive cardiac cycles. FS (%) was defined as
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In addition, left ventricular cross-sectional area (CSA) (cm?) Clinical follow-up. All survivors were followed with serial visits to the outpatient clinic, which included physical and in some cases echocardiographic examination and a 12-lead electrocardiogram. Functional classification was judged according to the criteria of the New York Heart Association (NYHA). At the time of the analysis. no surviving patient had clinical evidence of significant recurrent aortic regurgitation.
In 48 survivors, high-quality echocardiograms were available postoperatively as well as preoperatively. In the postoperative echocardiograms, measurements of ESD and FS were omitted because of frequently observed paradoxic movement of the interventricular septum.`The postoperative echocardiograms had been recorded between 4 and 86 months after surgery (average 30.3 months). Statistical analysis. For comparison of preoperative and postoperative measurements in the same patient. a paired t test was used. Unmatched variables were compared by an unpaired t test. Where more than two groups were compared, analysis of variance was used.
The association between death from all causes and the preop- where positive and negative ECHO = presence or absence, re-died after repeat operation for paravalvular regurgitaspectively, of preoperative ESD greater than 55 mm, FS 25% or tion, three perioperatively; the fourth died 2 months less, either, or both.
after repeat operation with heart failure related to recurrent aortic regurgitation. Another patient died as a Results result of prosthesis malfunction, and two others died of Survival. At the time of the analysis, 13 (15.5%) of noncardiac causes. the 84 patients had died (table 2). One patient died
The relationship between cause of death and preopearly and another late after operation with left ventricu-erative echocardiographic variables is plotted in figure lar dysfunction in the absence of residual or recurrent 1. In the two patients in whom death could be attributaortic regurgitation. Of the remaining 1 1 patients who ed to primary left ventricular dysfunction, FS was 25% died, three of whom died within 1 month after surgery, or less in both and ESD was greater than 55 mm in one two had unexplained death without preexisting symp- (table 2) . Among all 13 nonsurvivors, either ESD extoms of heart failure. Death was caused by thrombosis ceeded 55 mm or FS was equal to or less than 25% in of the aortic prosthesis in one patient and by myocardinine (69%); both criteria were present in six (46%). al infarction secondary to coronary embolism in an- Table 3 gives the sensitivity, specificity, and positive other; both were confirmed at autopsy. Four patients and negative predictive values of the preoperative echocardiographic variables, with death from all causes as the standard. Of 84 patients, 42 had either ESD greater than 55 mm or FS 25% or less before surgery, but these findings were falsely positive in 33 (79%) in that the patients were alive at the time of the Positive and negative ECHO = presence and absence, respectively, of the preoperative echocardiographic variable(s). 672 analysis (mean follow-up 29.5 months, range 2 to 86).
In 20 patients both criteria were met, but 14 of these represented false positive findings. Considered individually or in combination, the echocardiographic variables had a relatively low sensitivity and specificity. Positive predictive value was poor, but negative predictive value was good. There was no apparent association between postoperative death and type of prosthesis used (table 2) .
Symptoms. At the time of this study there were 71 survivors out of the original cohort of 84 patients. Preoperative functional impairment in terms of NYHA classification was nearly the same between categories 1 and 2 and between categories 3 and 4 ( survivors with high-quality echocardiograms after as well as before surgery, preoperative left ventricular chamber size in terms of EDD was significantly higher in categories 1 and 3 as compared with categories 2 and 4, respectively (table 5, figures 4 and 5). EDD fell in all groups after operation but fell to a lesser extent in category 3 than in category 4. Among these same 48 patients, preoperative CSA was also higher in category 1 as compared with 2 and in category 3 as compared with 4 (table 6, figures 6 and 7). After surgery, CSA fell in all categories to nearly the same level.
Follow-up intervals were similar for all groups: 1 = 27.6 ± 23.7 months, 2 = 33.7 ± 22.0 months, 3 = 28.8 ± 23.6 months, and 4 = 34.6 + 21.1 months.
We also studied the combination of ESD greater than 55 mm and FS 25% or less vs ESD 55 mm or less and FS greater than 25% in the 48 patients with preoperative and postoperative echocardiograms. Since all 12 patients in category 3 (FS 25% or less) also had an ESD greater than 55 mm and since all 27 patients with an ESD 55 mm or less (category 2) also had FS greater than 25%, the analysis consisted of a comparison between patients in categories 2 and 3. Results (figures 8 and 9) were identical to those of the comparison between categories 3 and 4. Eight patients who died also had postoperative echocardiograms available for comparison with preoperative tracings (table 2). After operation either EDD or CSA was smaller in all of these patients, and both variables were smaller in five.
Discussion
Limitations of echocardiography. There are several limitations of echocardiographic techniques that must be considered in the evaluation of this and similar studies. First, measurements of left ventricular diameters and fractional shortening are strongly dependent on the quality of the evaluated echocardiographic recordings; analysis of poor-quality echocardiograms results in misleading data. In this study, analysis was limited to tracings of high quality. Second, whereas M mode echocardiography can be considered as an accepted technique for the assessment of left ventricular minor axis dimensions and FS in normal-sized ventricles,'21-4 the method tends to underestimate ESD and EDD and to overestimate FS in patients with marked POST-OP left ventricular enlargement, as in chronic aortic regurgitation. 16 16 Furthermore, the reproducibility of duplicate measurements of left ventricular dimensions is considerably poorer in enlarged ventricles than in normal-sized ventricles. 17 This might be a significant source of error when comparing serial measurements in any given patient with chronic aortic regurgitation as the left ventricle dilates in the course of his disease or as it becomes smaller after operative intervention. In our study, however, the magnitude of the changes in left ventricular dimensions observed before and after operation exceeded those that could be reasonably expected from variations in reproducibility alone. Additionally, despite the inherent problems of accuracy of echocardiographic methods related to an enlarged left ventricle and altered geometry, there is a significant correlation between echocardiographic FS and ejection fraction (biplane and single plane).", 118 19
PRE-OP
POST-OP FIGURE 2. Relationship between a preoperative echocardiographic ESD greater than 55 mm or 55 mm or less and NYHA functional class before (PREOP) and after (POSTop) aortic valve replacement for chronic aortic regurgitation. The analysis included 71 survivors out of an original cohort of 84 patients. Functional class in the two groups was nearly identical before surgery and improved to a similar extent after surgery. . Relationship between preoperative echocardiographic FS 25% or less or greater than 25% and NYHA functional class in 71 survivors before and after aortic valve replacement for chronic aortic regurgitation. Functional class in the two groups was similar before surgery and improved to a similar degree after surgery.
Thus echocardiographic measurements still provide important information on left ventricular size and function in patients with chronic aortic regurgitation.
Course of chronic aortic regurgitation. Chronic aortic regurgitation is marked by a long asymptomatic period.20 2' When symptoms finally appear, however, the condition takes a more rapid downhill course.2 ' The left ventricle adapts to a slowly increasing volume load by undergoing so-called eccentric hypertrophy: left ventricular chamber size increases in proportion to the regurgitant volume, left ventricular wall thickness increases proportionately so as to maintain wall stress within physiologic limits, and left ventricular function is maintained at normal or near-normal levels.24 Eventually, however, hypertrophy cannot keep pace with the increasing regurgitant volume, at which time dilatation of the left ventricular chamber is out of proportion to its degree of hypertrophy, left ventricular function fails, and significant symptoms develop. Even in the asymptomatic period, there may be demonstrable abnormalities in left ventricular function, under conditions of exercise if not at rest.> The fact that preoperative left ventricular dysfunction correlates with a poor postoperative result after aortic valve replacement for chronic aortic regurgitation2A underscores the need for identification of reliable criteria for timing of surgical intervention before left ventricular damage is irreparable.
Comparison of previous studies. Henry et al.5 evaluated the significance of preoperative M mode echocardiographic measurements of left ventricular size and function in 49 patients undergoing aortic valve replacement for symptomatic chronic aortic regurgitation. They found a preoperative ESD greater than 55 mm and FS less than 25% to be powerful predictors of perioperative death or late postoperative congestive heart failure and death. Nine of 13 patients (69%) with both these echocardiographic findings died, two in the . Relationship between preoperative echocardiographic ESD greater than 55 mm or 55 mm or less and EDD in 48 survivors of aortic valve replacement for chronic aortic regurgitation who had high-quality echocardiographic tracings before and after operation. Preoperative EDD was greater when preoperative ESD was greater than 55 mm but postoperative EDD fell to the same degree as when preoperative ESD was 55 mm or less.
immediate postoperative period and seven within 3 years after surgery. Two other patients had evidence of congestive failure after operation. Henry et al. 26 then evaluated the significance of echocardiographic criteria in asymptomatic patients with chronic aortic regurgitation. They found that four out of five such patients (80%) with an initial ESD greater than 55 mm required operation (because of the development of symptoms) within an average of 39 months. Operation was also required in six of 12 patients (50%) with an initial ESD of 50 to 54 mm, within an average of 23 months. Only four of 20 patients (20%) with an ESD less than 50 mm required operation. On the basis of these observations, these authors recommended that patients with chronic aortic regurgitation and an ESD greater than 55 mm be operated, even in the absence of symptoms. We suspect that these recommendations have been widely followed.
The findings of the present study do not support the timing of surgery in patients with chronic aortic regurgitation solely on the basis of a preoperative ESD greater than 55 mm or FS 25% or less. Whereas 42 of 84 patients in our series met one or the other of these criteria, only two died postoperatively of left ventricular dysfunction. Thirty-three (79%) were alive at a mean of 29.5 months after valve replacement. The postoperative symptoms in survivors were improved and were not worse than in patients with ESD 55 mm or less or FS greater than 25%. These patients also demonstrated echocardiographic evidence of regression of left ventricular dilatation (a fall in EDD) and left ventricular hypertrophy (a decline in CSA) after surgery, although the fall in EDD was smaller when FS was 25% or less than when FS was greater than 25%.
Although our results do not show any significant relationship between a preoperative ESD greater than 55 mm and/or FS 25% or less and postoperative death due to left ventricular dysfunction, they do reveal a weak association between these echocardiographic variables and postoperative death due to all causes. This finding is not easily explained, since the causes of A#.nth min-rpb msin;fnlrl nnrl tli, nshtia-nt txi,h,-rEiA AA r lin,.t Relationship between preoperative echocardiographic FS 25% or less or greater than 25% and EDD in 48 survivors of aortic valve replacement for chronic aortic regurgitation with acceptable echocardiograms before and after surgery. Preoperative EDD was greater when preoperative FS was 25% or less. Postoperative EDD fell in both categories but declined to a lesser extent when preoperative FS was 25% or less.
Vol. 71. No. 4, April 1985 appear to differ in any important way from survivors. For example, baseline left ventricular size was not greater and left ventricular function not worse than those in survivors. Furthermore, all patients who died and who had postoperative echocardiograms before death had evidence of regression of left ventricular dilatation or hypertrophy to some degree. In any case, one could not clinically apply the demonstrated relationship between preoperative echocardiographic variables and postoperative death due to all causes. The positive predictive value is too low to warrant basing a decision about early operative intervention on these factors alone. Fioretti et al.6 evaluated the significance of a preoperative ESD greater than 55 mm in 47 patients under-going isolated aortic valve replacement for chronic aortic regurgitation. Twenty patients met this criterion (10 of these also had FS less than 25%, but this factor was not evaluated independently). There were no deaths in this series, early or late, at a duration of follow-up similar to that in the study of Henry et al. 5 An ESD greater than 55 mm was not associated with lack of symptomatic relief or with failure of left ventricular EDD and CSA to decline after surgery. In this analysis five patients were excluded because of perioperative myocardial infarction, but this occurrence in itself was not related to a preoperative ESD greater than 55 mm.
No relationship between preoperative ESD greater than 55 mm and postoperative mortality was found by Relationship between preoperative echocardiographic FS 25% or less or greater than 25% and CSA in 48 survivors of aortic valve replacement for chronic aortic regurgitation. Preoperative CSA was greater when preoperative FS was 25% or less but fell after surgery in both categories to the same degree. Furthermore, a significant decrease of EDD was observed after operation in most patients despite a preoperative ESD greater than 55 mm. St. John Sutton et al.8 assessed the accuracy of an ESD 55 mm or greater in distinguishing differences in left ventricular function between 20 symptomatic patients with chronic aortic regurgitation who had undergone surgery and 23 asymptomatic patients who had been managed medically for a mean of 2 years. There were no differences between the two groups in terms of echocardiographic left ventricular size, wall thickness, filling rate, and wall thickening and thinning rates.
In another study, Gaasch et al.27 evaluated the prog- FIGURE 8 . Relationship between preoperative echocardiographic FS 25% or less plus ESD greater than 55 mm or FS greater than 25% plus ESD 55 mm or less and EDD in 48 survivors of aortic valve replacement for chronic aortic regurgitation. Preoperative EDD was higher when preoperative FS was 25% or less and ESD greater than 55 mm.
Postoperative EDD fell in both categories but declined to a lesser extent when preoperative FS was 25% or less and ESD was greater than 55 . Relationship between preoperative echocardiographic FS 25% or less plus ESD greater than 55 mm or FS greater than 25% plus ESD 55 mm or less and CSA in 48 survivors of aortic valve replacement for chronic aortic regurgitation. Preoperative CSA was higher when preoperative FS was 2S5c or less and ESD was greater than 55 mm but declined after surgery to the same extent as in the other category.
nostic value of preoperative echocardiographic data in 32 patients who underwent aortic valve replacement for chronic aortic regurgitation. Parameters assessed included left ventricular EDD/m2 body surface area, ESD/m2, end-diastolic radius/wall thickness ratio (R/Th), and the product of left ventricular systolic pressure (P) and R/Th. Whereas means of several variables were significantly different between a group with and a group without a good postoperative result, there was considerable overlap of individual measurements between these two categories. The predictive value of ESD/m2 was relatively weak and that of FS very weak. The best criterion was a combination of ESD/m2 greater than 2.6 and P R/Th greater than 600. The discrepancy in the results of these various echocardiographic studies cannot be explained on the basis of differing baseline EDD or FS or on the basis of different follow-up intervals, but there are other possible explanations. In the series studied by Henry et al. ,5 10 patients (20%) had coexisting coronary disease and four of these underwent bypass grafting at the time of valve replacement. In our analysis, as well as that of Edwards prosthesis, which is known to have a higher pressure gradient than many other devices. 28 3' In our series, no patient received a Starr-Edwards prosthesis. Improvements in surgical techniques in recent years may have contributed significantly to the better longterm results in patients in our study and others6' 7 as compared with those in the study of Henry et al., who underwent surgery between 1972 and 1977. None of the patients analyzed by Henry et al. were operated on under cold potassium cardioplegia, a technique superior to other methods of myocardial preservation,32 33 whereas that was the case in all of our patients and in many patients in other series we have cited.
Finally, there is the broader issue of discrepancy between our results and those of earlier nonechocardiographic investigations relating preoperative left ventricular dysfunction to a less-than-ideal postoperative outcome after aortic valve replacement. Studies have looked at the significance of functional class and heart size,34 35 angiographic indexes of left ventricular function,4 36 and other parameters. They have shown, in general, that the more severe the symptoms of the patient, the larger the heart size, and the more compromised the left ventricular function, the worse the result after surgery. These findings have been the rationale 1i, I for intervening earlier, before irreversible left ventricular dysfunction has occurred. We do not know for certain, but we can speculate that it is the improvement in surgical techniques and in myocardial preserva-tion32' 33', 3 that now allows a good result after aortic valve replacement even in patients with compromised left ventricular function.
Clinical implications. In summary, the results of this study show that in patients undergoing aortic valve replacement for chronic aortic regurgitation, a preoperative echocardiographic ESD greater than 55 mm or FS 25% or less (or a combination of the two) does not reliably predict an impaired postoperative prognosis in terms of reduced survival, lack of functional improvement, or failure of left ventricular dilatation and hypertrophy to regress. Thus these criteria alone should not be used to determine optimal timing of surgical intervention in patients with chronic aortic regurgitation.
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